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K process for producing solid cyclodeKrin-con«ii.ing dosage 



forms 



5 The present invention relates to a process for producing solid 
dosage forms comprising as components at least one 
physiologically tolerated polymeric binder, at least one active 
ingredient and at least one cyclodextrin. 

10 The group of cyclodextrins comprises important excipients for 
manufacturing foodstuffs, cosmetics, pharmaceuticals and 
pesticides, and is also of importance in a number of analytical 

and industrial separation problems. ^-^^ '^^^^'^^^'^Z^o.. 
properties of cyclodextrins derive from their ability to form 
15 so-called guest-host systems with guest molecules. 

cyclodextrins have been used for some time in pharmaceutical 
nomoositions in order to modify the properties of the dosage 
f^^m or Of tie active ingredients employed therein. The observed 
20 Modified properties of active ingredients in the presence of 
cyclodextrins are generally attributed to the formation of 
cvclodextrin-active ingredient complexes. Such 

cjclodextrin-active ingredient complexes often show improved ^ 
chemical properties such as, for example, increased stability to 
25 thfeffects of light and temperature, oxidation, reduction 
hydrolysis and dehydration, and/or altered physical properties 
such as, for example, changes of state or changes in the 
theological properties. Cyclodextrins are also known to have an 
effect on the taste or odor of active ingredients. 

'° cyclodextrins can be processed in dosage forms in several ways 
on the one hand, the cyclodextrin can be admixed in crystalline 
form, for example as powder or granules, with the binder and 
active ingredient and then, where appropriate after 

35 homogenizLion, compressed to give the dosage form, for example 
by conventional tableting processes. 

However, additional process steps are usually necessary for 
producing cyclodextrin-active ingredient complexes. One such 

40 process Is complexation of active ingredients with cyclodextrins 
in aqueous suspension or solution. A disadvantage of this process 
is that the resulting cyclodextrin-active ingredient complex must 
Z wold up, that is to say usually separated off and/or dried. 
An increased rate of complexation of active ingredients in 

45 Leous suspension or solution is reported by T. Loftsson et al., 
IZ. int. Symp. Cyclodextrines 8 (1996) 399-402 and P^armazie 
1998 (53) 11, 733-740, when water-soluble polymers are added in 
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the complexation. It is postulated that a ternary interznediate is 
formed . 

1^ wn Q8/55148 discloses a cyclodextrin-containing 
For --P^^'^f ^^^^f^i'Ln in which an active ingredient, citric 
' t^rZTZro7^^^^^^^^ ^ cyclodextrin are dissolved in 

al"and'the'Lcohol is then evaporated off. The resultxng 
gel is packed into gelatin capsules. 

10 in order to keep the amount of solvents employed low WO 94/11031 
and FR-A 2705677 recoimnend producing cyclodextr.n-actxve 
ingredient complexes by extruding melts of cyclodextrxn and 
aSve ingredient which are moist with solvent. Solvents 
active ingre ^^^ter, methanol or 

for extrusion. 

„n „/,a839 describes a process for producing solid mixtures of 
WO 97/18839 ^^^^^ /. ^^i^„ts by melt extrusion, where the 
cyclodextrrns and ^J^^^J'^i i^^^e cyclodextrin carrier. After 
20 active -f^^^f ;=^:nrsoUdified it is ground and en^loyed, 
^fth^hf aStifn Of binders, for producing dosage forms. Barrel 
:::^e™ Of at least 239^0 are necessary for this process. 

* H«=aoP forms bv melt extrusion has been known 

the requirea ^ y EP-A-240 906 and 

30 rolls or molding belts, see EP-A-24U yu**. 



EP-A-358 105. 



is Still a need for dosage forms with active 
rrrdi;n: -lea:e"tailored to reguire^nts. in particular with 
35 faster release of active ingredient. 

It is an object of the present invention to provide a simple 
procLrfor'producing solid dosage forms with faster release of 
active ingredient. 

we have found that this object is achieved when a plastic mixture 
! ^ I^Pr Id active ingredient is formed in the presence of 
lldextrins and this mixture is shaped to the dosage form. It 
cyclodextrxns, ^ ^^^^ ^^^^ process affords dosage 

« roLrwftrf^arr Zll. o. active ingredient without the need 
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to produce a cyclodextrin-active ingredient complex in elaborate 
preceding process steps. 

The present invention therefore relates to a process for 
5 producing solid dosage forms comprising as components at least 
one physiologically tolerated polymeric binder, at least one 
active ingredient and at least one cyclodextrxn, wherexn the 
comp-ent! are mixed and plasticized at a temperature be ow 22ooc 
w'hout adding a solvent and the resulting plast.c mxxture xs 
10 shaped to the dosage form. 

The term "dosage form" refers herein to any form for 
administering active ingredients to ^^^l^^' .^^Z^nVe 
The dosage forms obtained according to the xnventxon are 
15 particularly suitable for oral or rectal admxnxstratxon or as 
^in^able active ingredient depots for humans and anxmals. 
plSfufarly P^^^^^^^^^ dosage forms are tablets of every shape, 
coated tablets, pellets and suppositorxes . 

20 polymeric binders suitable for the process according to the 
20 P°-^y^ . ^j-e physiologically tolerated 

:rropratrfor the particular purpose of use of the dosage form, 
"l^^eric binders preferably form a polymer -trix after 
lotidiSation, and are at least partly soluble or swellable xn a 
25 mogi^al^edium. Examples of suitable polymeric bxnders are: 

svnthetic polymers such as polyvinyl lac tarns, in particular 
SJ^Slpyrr^idone (PVP), copolymers of vinyllactams such as 

/ «^.h^r.r-vi ates ffor example Eudragxt types), polyalkylene 
:rycri olUyle^^^ .ly-ls and P--thy-- gl^ 

preferably with molecular weights above 1000, partxcularly 
preferably above 2000 and very particularly preferably above 4 00 
40 (for example polyethylene glycol 600, polyethylene glycol 6000), 
copolymers of methyl methacrylate and acrylxc acxd 
po!ya«ylamides, polyvinylformamide (where approprxate partxally 
or completely hydrolyzed), 

especially methylcellulose and ethylcellulose. 
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hydroxyalkylcelluloses, in particular hydroxypropylcellulose, 

cSuSe pLhalates, in particular cellulose acetate phthalate 
5 and hydroxypropylmethylcellulose phthalate, and 

natural or predominantly natural polymers such as gelatin, 
poSydroxyaLnoates, for example polyhydroxybutyr.c acxd and 
poiylactic acid, polyamino acids, for example P°ly^y--' 
10 poisparagine, polydioxanes and polypeptides, and mannans, 
especially galactomannans . 

Of these, the synthetic and modified natural polymers are 
preferred, and the synthetic polymers are particularly preferred. 

preferred polymeric binders among these are polyethylene glycol, 
flkylcelluLse. and hydroxyalkylcelluloses, in partxcular 
hydroxypropylcellulose and hydroxypropylmethylcellulose, 
7ZTZrZ^l^y^ acrylates) and poly(hydroxyalKyl 
on ^-v^Ltvlatesi polyacrylates and polymethacrylates, 

roi;™rouLL copolymers containing K-vinyllactams 
esp^iaUy N-vinylpyrrolidone, and vinyl esters especially vxnyl 
Icetate, copolymers containing N-vinyl lactams, xn partxcular 
TlpyrroliLe, and (meth) acrylates, and mixtures thereof. 



N-vin\ 
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Particularly preferred polymeric binders are polyethylene glycol, 
in parSculL with molecular weights above 1000 and preferably 
above 4000, polyvinylpyrrolidone, copolymers contaxnxng 
N-vinylpyr;olidone and vinyl acetate, and mixtures thereof. 

Binders advantageously used as polymeric binders are those which 
Bxnders aav ^ pikentscher, Cellulose-Chemxe 13 

(iIL:, P^! 58-6rand'7l!74) in the range between 10 and 100, in 

particular between 15 and 80. 

" in particular embodiments of the process according to the 

invention, the cyclodextrin can be present partly or completely 
chemically bound to the polymeric bxnder. 

40 The plastic mixture usually has a content of PO^^^^"^^^^'^^^^,^" 
the rlnge from 5 to 99.8% by weight, preferably from 10 to 98% by 
weight L particularly preferably from 15 to 80% by wexght. 

Active ingredients for the purpose of the invention are 
45 sub tances with a pharmaceutical effect and mxnxmal effects 
Ts long as they decompose negligibly under the processxng 
"nditLs. The amount of active ingredient per dose unxt and the 
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concentration may vary within wide limits depending on the 
activity and release rate. The only condition is that they 
suffice to achieve the desired effect. Thus, the active 
ingredient concentration may be in the range from 0.01 to 60% by 
5 weight, preferably 0.5 to 30% by weight, and in particular 1 to 
25% by weight, it is also possible to employ combinations of 
active ingredients. Active ingredients for the purpose of the 
invention are also vitamins, minerals and plant extracts or plant 
preparations with pharmaceutically active constituents, and plant 

10 treatment agents and insecticides. The vitamins include the 

vitamins of the A group, the B group, by which are meant besides 
Bi B2 Be and B12 and nicotinic acid and nicotinamide also 
compounds with vitamin B properties such as adenine, choline, 
pantothenic acid, biotin, adenylic acid, folic acid, orotic acid, 

15 pangamic acid, carnitine, p-aminobenzoic acid, myo-inositol and 
lipoic acid and vitamin C, vitamins of the D group, E group, 
F group, H group, I and J groups, K group and P group. The plant 
extracts or plant preparations include, for example, dry plant 
extracts, in particular St. John's wort extract, milk thistle 

20 extract, cava-cava extract, celandine extract, Gingko biloba 

extract, and essential oils, especially garlic oil, camomile oil, 
peppermint oil, caraway oil and eucalyptus oil. Active 
ingredients for the purpose of the invention also include 
therapeutic peptides and vaccines. 

" The process according to the invention is suitable, for example, 
for processing the following active ingredients or the 
pharmacologically active salts thereof: 

30 acebutolol, acetylcysteine, acetylsalicylic acid, aciclovir, 
alfacalcidol, allantoin, allopurinol, alprazolam, ambroxol, 
amikacin, amiloride, aminoacetic acid, amiodarone, amitriptylme, 
amlodipine, amoxicillin, ampicillin, ascorbic acid, aspartame, 
astemizole, atenolol, beclomethasone, benexate, benserazide, 
35 benzalkonium hydrochloride, benzocaine, benzoic acid, 

betamethasone, bezafibrate, biotin, biperiden, bisoprolol, 
bromazepam, bromhexine, bromocriptine, budesonide, bufexamac, 
buflomedil, buspirone, caffeine, camphor, captopril, 
carbamazepine, carbidopa, carboplatin, cefachlor, cefadroxil, 
40 cef alexin, cefazoline, cefixime, cefotaxime, cefotiam, 
ceftazidime, ceftriaxone, cefuroxime, chloramphenicol, 
chlordiazepoxide, chlorhexidine, chlorpheniramine, chlortalidone, 
choline, cyclosporin, cilastatin, cimetidine, ciprofloxacin, 
cisapride, cisplatin, clarithromycin, clavulanic acid, 
45 clomipramine, clonazepam, clonidine, clotrimazole, codeine, 
cholestyramine, cromoglycic acid, cyanocobalamin, cyproterone, 
desogestrel, dexamethasone , dexpanthenol , dextromethorphan, 
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• i,^no diazeoam, diclofenac, digoxin, digitoxin, 
f^^dStne fenofibrate, fenoterol, fentanyl, flavin 

-^^^^^^^^ 

fluoxetine, ^ /°'^niloba glibenclamide, glipizide, 
10 gen.fibrozil, g-'^^^^"^' ^^"f ° fi3e'f;ivin, guaifenesin, 

haloperxdol, ^^P^^^^; hydromorphone , ipratropium 

^y^^^'^^f '^^l 'Sofen imipe^em! imipramine, indomethacin, 
hydroxide, ";3;3^^bide dinitrate, isosorbide mononitrate, 

15 iodine, ketotifen, Ketoconazole, 

'::ZoZ '^^^^^^ .arlic oil, labetalol, lactulose, 
ketoproren, levodopa, levoglutamxde, 

.ecithin levocarnxtx^^^^^^ li^ocaine, lipase, lisinopril, 
levonorgestrel, levot y medroxyprogesterone, menthol, 

^oZT.^eZlZT^o,., methylprednisolone, metoclopram.de, 
methotrexate, m y ^^^^^^ minocycline, minoxxdxl, 

metoprolol, mixtures or combinations and 

""Tarrai;sTm;";iephedrine, naftidrofuryl, naproxen, 
mineral salts, N me y ^ nicotinamide, nicotine, 

25 neomycin nitrazepam, nitrendipine, 

nicotinic acid, ^^^^^^^ norethisterone , norfloxacin, 
nitrog ycerine niz^^^^^^^ ofloxacin, omeprazole, 

"°^'"!^ro; pancrearin, ;anthenol, pantothenic acid, 

,5 proxyphylline, ^'^^f ^^f^f^^i/Sb'flavi;.^^ -toside. 

tetracycline theophyll acetonide, triamterene, 

tranexamic acid, trerinom, ^^^h uracil, valproic 

trimethoprim, troxerutin, t-aP-°^^"^%""'' ^^^i^^' 
acid, vancomycin, verapamil, vitamin E, zidovudine. 



45 
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„e.e„.<. active ^'-'^^^''^iZTCZoZ^'^Zofe.. 

benexate, cefotia», = i^^, itraconazole, 

acid, garlic J„ prostaglandins, hydrocortisone, 

5 kotoconazole, -""/'^J'^^ nifedipine, nitroglycerine 

peptides • 

• for the purpose of the invention are cyclic oligo- 
10 cyclodextrxns for ^"^^J^^ so-called cycloamyloses or 

or POly-^^^^"":^' f,^ 'rcyclic carbohydrates which are 
cycloglucans, and -^^^^^^f^^. ^hen,. 92 (1980) p. 343 or F. 
described, for example, in Angew suitable and 

vagtle, Supra^oleKulare Ch-e^ n^^^^^^ [ ,,i,,,,e 
15 preferred are '^^X^f^^^^''^:^,,,, molecules, in particular 

r^nfeThrst'g e syitL. Particularly suitable 
in the sense or host, j x 7 8 or 9 

cyclodextrins are t-™ o^;^^^;^ ^^..^d a-,P-, 

--Tc-^^^^^^^^^^^^^^ - ta^S^rn^ "^^^^^^^^ or 

rirrurar^^^^^^^^^^^ 

-.able as cyclodextrins are modified cyclodextrins such 
Also suitable as cyci prepared by reacting 

25 as, for example, ^^^f^r^'^'^iaeT alkyl halides, acid 

cyclodextrins with ^1^^^^"^ °^^^^^;^;3 ^ halogenated carboxylic 
chlorides, epil^alohydrins isocyanates^^^^ J^^^ ^^^^^.^^ 

acids. Thus, -itab e ex m^^^^^^^ - ^^^^^^^^ ^,,,3, 

cyclodextrins with ^^^^ ^ 3 oxide. One, more than 

30 P-PV-e -id- ^^^^^^ polyethers formed 

one or all hydroxyi g ^ ^ ^jing on the degree of 

in this way may be ^''I'^.'^f;^.^^^^^ units, the 

substitution or the chain ^ [ ^„ the number 

-"T "-radrn: "1::" =; TZ. c^ydode^trin is 
35 of moles of alkylene oxiu 

reacted, is -^^^^ , ^.frl s;itable examples are the 

principle no upper ^^J^^^ 'l^f'^^^^J,^^ with alkylating agents 

products of -;™/3, Ce^^^^^^^ -^^^^ ^^^-^^^ ^^^^^ 
such as C,-C22-alkyl haUdes ^^^^.^^^ .^^^^^^^ 

40 Chloride, cLoride, stearyl chloride, 

chloride, benzyl chloride, lau y ^.^^^^^ 
.ethyl bromide, ethyl bro^^ , n butY ^^^^^^^ 
sulfates such as, ^^^^^ ; ^^^g^^ts leads to cyclodextrin 
sulfate. Reaction with ^^^^^^^^^^^ ^^^roxyl groups are 

45 ethers in which one ^^J^^J^;^ the'cyclodextrins 

:rotro: rcru^ts, L a^rage degree of etherif ication 
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•4- -id ii«5nallv in th range from 0.5 to 3, 

:r.^i in tne ran,e £ro. 1 to 2. Particniar preference .s 

. ^ Ai-Pd ethvlated or propylated a-,p- or 

\ .r^o 2 2 Also suitable are cyclodextrin eaters which are 

TarSi :L:rer=ufhrs:;;i^hior^ -ri.. 

10 methacryloyl chloride or benzoyl chloride. 

are Dolvmer-modifled cyclodextrins , that is to say 

Tlodextrilt Tlch S incorporated into the -ain chain of 
cyolodextrins »hic ^^^^ 

polymers and/or ':y<=l«^" themselves side chains of polymers. 
15 Chains Of J°l^^/"4fir!r»hich the cyclodextrin units 
STrn3 n\hr^in chain of the polymer can be obtained. 

are side chain constituents or act as s.de chains can 
are siae , cyclodextrins modified with 

obtained, for example, Dy ^ ^^^er comonomers, for 

polymerizable groups being polymerizea 
25 example by polymerizing cyclodextrin (meth)acrylates in the 
pr'ence of ot^er ethylenically unsaturated monomers or by 
frle!radical grafting of cyclodextrin (meth)acrylates onto 

^^^^^^^^^ 

. / r.r- ;^c; side qroups of polymers is to react 

d:p:rto„Ld^yciode.tans^r 

I^aSran^^den^^^^^^^^^^^ -de or V. 

35 groups or halogens- 

. .h.r suitable polymer-modified cyclodextrins and processes for 
Further suitable poiy ^^^^^^ 
their preparation are described in DE-A i^b 
incorporated herein by reference. 



40 



It is also possible to employ those polymer-modified 

ycl^dexrrins in which the polymer content of the po.y.er 
modification itself represents the polymeric binder. 
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This is the case in particular when the molecular weight of such 
polymer-modified cyclodextrins is above 10,000, preferably above 
20,000 or 50,000. In these cases, the cyclodextrin is in a form 
chemically bound to the polymeric binder. 

^ in the case of polymer-modified cyclodextrins and cyclodextrins 
which are chemically bound to the polymeric binder, which have 
molecular weights above 30,000, the polymer content must be 
included in the total polymer content of the plastic mixture. In 

10 the case of polymer-modified cyclodextrins and cyclodextrins 
which are chemically bound to the polymeric binder, which have 
molecular weights above 30,000, the cyclodextin content must be 
included in the total cyclodextrin content of the plastic 
mixture. Examples of suitable cyclodextrins chemically bound to 

15 the polymeric binder are appropriately high molecular weight 
polyalkylene ether-modified cyclodextrins or cyclodextrin 
(meth)acrylate copolymers with (meth)acrylic acid, 
(meth)acrylates, vinyl acetate and/or N-vinylpyrrolidone as 
comonomers . 

The plastic mixture may comprise from 0.1 to 90% by weight, 
preferably from 0.5 to 70% by weight and particularly preferably 
from 1 to 60% by weight of at least one cyclodextrin. The amount 
of cyclodextrin is preferably chosen so that the molar ratio 

25 between active ingredient and cyclodextrin is in the range from 
0 1 to 4.0, preferably in the range from 0.5 to 3 and 
particulalry preferably in the range from 0.8 to 2.0. In 
preferred embodiments of the process according to the invention, 
it has proven advantageous to employ active ingredient and 

30 cyclodextrin in approximately equimolar amounts. 

It is also possible to employ in the process according to the 
invention excipients, for example those which facilitate 
production of the dosage forms and/or improve the properties of 
35 the resulting dosage forms. 

Examples of such excipients are conventional pharmaceutical 
excipients, the total amount of which can be up to 100% of the 
weight of the polymeric binder, for example extenders and bulking 

40 agents such as silicates or diatomaceous earth, magnesium oxide, 
aluminum oxide, titanium oxide, methylcellulose, sodium 
carboxymethylcellulose, sugar alcohols such as, for example, 
mannitol, sorbitol, xylitol and isomalt, talc, sucrose, lactose, 
cereal or corn starch, potato flour, polyvinyl alcohol, in 

45 particular in a concentration of from 0.02 to 50, preferably 0.20 
to 20, % of the total weight of the mixture; 
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lubricants and release agents such as magnesium, aluminum and 
r ™ c^Parates talc and silicones, and animal and vegetable 

IZ'erTZe. These fats preferably have a melting poxnt of 30oc or 

5 abTe! Triglycerides of C., and C. ^^^Te^.^ese 

preferred. Waxes, such as carnauba wax, can also be used. These 
fats and waxes may advantageously be admixed alone or together 
with mono- and/or diglycerides or phosphatides, in P-^xcular 
lecLhin. The mono- and diglycerides are preferably derxved from 

10 the abovementioned fatty acid types. The total 

lubricants and release agents is preferably from 0.1 to 10% of 
ihe total weight of the composition for a particular layer; 

flow regulators, for example Aerosil, in an amount of from 0.1 to 
15 5% of the total weight of the mixture; 

dves such as azo dyes, organic or inorganic pigments or dyes of 
T.:Z origin, preference being given to pxgments n a 

concentration of from 0.001 to 10, preferably 0.5 to 3, % of the 
20 total weight of the mixture; 

stabilizers such as antioxidants, light stabilizers, 
hydroperoxide destroyers, radical scavengers, stabilxzers agaxnst 
microbial attack. 

" It is also possible to add wetting agents, preservatives, 
disintegrants, adsorbents and mold release agents, and 

T^lZls preferably anionic and nonionic surfactants, such 
:r "r exa;ple! soaps'and soap-like surfactants, al.yl sulfates 

30 ani Syls'fohltes, salts of bile acids, alkoxylated fatty 
alcohols, alkoxylated alkylphenols , allcoxylated fatty acxds and 
fltSacld glycerol esters, which may be alkoxylated, and 
lotabilizers such as Cremophor (polyethoxylated castor oil), 
Gelosire vit^in E TPGS and ^een (ethoxylated sorbitan fatty 

35 acid ;rt;rl) (cf . for example, H. Sucker et al. Pharmazeutxsche 
Technologie, Thieme-Verlag, Stuttgart 1978). 

Excipients for the purpose of the invention also means substances 
for producing a solid solution with the active pharmaceutical 

.0 ingredi nt. Lamples of these excipients are pentaerythrxtol and 
ne^taerythritol tetraacetate, urea, phosphatides such as 
lecithin polymers such as, for example, polyethylene oxides and 
polyprop;iene oxides and their block copolymers (poloxamers) 
homo- and copolymers of vinylpyrrolidone, especially -polymers 

« of vinylpyrrolidone and vinyl acetate, poly (meth) aery lates (for 
exalp^e Eudragit types), surfactants such as polyoxyethylene 40 
st'rlte and citric and succinic acids, bile acids, sterols and 
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others as indicated, for examJL, by J. L. Ford, Pharm. Acta 
Helv. 61, (1986), pp. 69-88. 

Pharmaceutical excipients also include additions of bases and 
5 acids to control the solubility of ^ -^-^^^"^""^^^l^^g,, 
(see, for example, K. Thoma et al., Pharm. Ind. 51, (1989), 

pp. 98-101). 

The only preconditions for suitability of excipients are adequate 
10 thermal stability and compatibility with the act.ve xngredxent 



used. 



„ !aS:r;j:foto:ic.u: ^.e. .„a one 

active ingredient and at least one cyclodextrin. The plastic 
mixture is preferably formed without addition of a solvent 
TTZl. for the purpose of the invention are low molecular 
solvents f ^^^^ ^ „^ter, Ci-Ce-monoalcohols and 

weight -^-^^^^^^^^^f/c'-Ce-monoalkanols with C,-Ce-carboxylic 

'° ar/an;s aroLt c'Ld ^ aromatic compounds with 

rS'lJ carbo; atoms and chlorinated hydrocarbons such as, for 
exal^le! Ethylene chloride. Another solvent which can be used is 
liquid C02- 

" It may be advantageous in certain cases to add -^^-^"^"^^^"^^ 
.ndTor excipients as solution or suspension xn a solvent, for 
^lole one of the abovementioned solvents, when forming the 
rSc Txt^ e For example, active pharmaceutical ingredients 

.0 !re frequently used in the form of a salt, which xs generally 
Soluble in wlLr. Water-soluble active ingredients can therefore 

employe^^^^ aqueous solution or, preferably, be taken up xn 
the "qieous solution or dispersion of the binder. A -"-^-^^^ 
s^Iteme!t applies to active ingredients which are soluble in one 

35 of said solvents when the liquid form of the components used is 

— ^^^^^^^^^^^^^ 

4: r^i^c-tic mixture can take place by melting or 

i fh. binder The plastic mixture is preferably formed at 
" m a^r^ielow Looc. Tbe formation of the ^^^^ 
preferably does not take place by forming a paste or partly 
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dissolving one or more components (that is to say binder, active 
ingredient and/or cyclodextrin) with liquids or solvents such as, 
for example, those mentioned above, but takes place mainly or 
exclusively by exposing the component(s) to thermal or 
5 themomechanical effects (that is to say by thermal 

plasticization). The plastic mixture is preferably formed by 
extrusion, particularly preferably by melt extrusion. The 
plasticization process steps can be carried out in a manner known 
per se, for example as described in EP-A-0 240 904, 
10 EP-A-0 337 256, EP-A-0 358 108, WO 97/15290 and WO 97/15291. The 
contents of these publications are incorporated herein by 
reference. 

The components, that is to say binder, active ingredient and 
15 cyclodextrin and, where appropriate, excipients, can be first 
mixed and then converted into the plastic state and homogenized. 
However, it has proven to be preferred, especially on use of 
sensitive active ingredients, first for the polymeric binder and 
the cyclodextrin, where appropriate together with conventional 
20 pharmaceutical additives, to be converted into the plastic state 
and premixed, operating the equipment such as stirred vessels, 
agitators, solids mixers etc. where appropriate alternately, and 
then for the sensitive active ingredient ( s ) to be mixed in 
(homogenized) in plastic phase in "intensive mixers" with very 
25 short residence times. The active ingredient ( s ) can be employed 
in solid form or as solution, suspension or dispersion. 

It may be advantageous in particular embodiments of the process 
according to the invention first to form a plastic mixture of 
30 binder and active ingredient and, where appropriate, excipients, 
and to add the cyclodextrin to this. This procedure may be 
advantageous in particular when the active ingredient has 
plasticizer-like properties, and the reduction in the overall 
process temperature which can be achieved thereby is desirable. 

" It may be advantageous in particular embodiments of the process 
according to the invention first to mix the active ingredient and 
cyclodextrin, and to add them to the plasticized binder. This 
procedure may be advantageous in particular when the active 

40 ingredient and/or the cyclodextrin is (are) thermally unstable. 

The plasticizing, melting and/or mixing take place in an 
apparatus customary for this purpose. Particularly suitable ones 
are extruders or beatable containers with agitator, for example 
45 kneaders (such as of the type mentioned below). 
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It is also possible to use as mixing apparatus one employed for 
mixing in plastics technology. Suitable apparatuses are 
descrkd, for example, in "Mischen beim Herstellen und 
verarbeit;n von Kunststof fen", H. Pahl, VDI-Verlag 1986 
5 particularly suitable mixing apparatuses are extruders and 
dyn^ic and static mixers, and stirred vessels, sxngle-shaft 
s^^^^rs with stripper mechanisms, especially paste mixers, 
stirrers w ^ especially PDSM mixers, solids mixers and, 
multishaft stirrers, espet.j.a j 

preferably, mixer/kneader reactors (for example ORP, CRP, AP, DTB 
10 suppUed b; List or Reactotherm supplied by Krauss-Maf fei or 
" Ko ader'supplied by Buss,, trough mixers and ™1 mixers 

or rotor/stator systems (for example Dispax supplied by IKA) . 

in the case of sensitive active ingredients it i^P"^--f 
- first for the -n%or the 

rirfngrd^r^^^^^^ - a mixer/.neader reactor. On 

the Ither hand, with less sensitive active ingredients, a 
rotor/stator s;stem can be employed for vigorously dispersing the 

20 active ingredient. 

Ths mixing apparatus is charged continuously or batchwisa, 
::;:aing'on^s aasign ^ via a 

=-rr Lr^rasUcTo^^ i o sTa: in directiy fro. an 

" ::«Lrr fr -a a g ™. P-^-^"^^ advantageous 

ifthe viscosities and pressures are high. Liquid n«d.a can be 
metered in by a suitable pump unit. 

" rer~opra:::ihr^^^^^^^^ 

exSable. The glass transition temperature of t^e mixture is 
35 preferably below the decomposition temperature of all the 
components present in the mixture. 

The steps of mixing and melting in the process can be carried out 

In the sLe apparatus or in two or more separately operating 

in the same app ^^^^ ^an take place m one of 

" r =10 rjrar.retuseS described above . premi. of 
the conve directly, for example, into an extruder 

r srerellt^e'ruded. «he^; appropriate „ith the addition 

of other components. 



45 



0050/4972 



It is possible in the process according to the invention to 
Llov as extruders single screw machines, intermeshxng screw 

mLs or else multiscrew extruders, especially twin screw 
"'f d!rs corotating or counterrotating and, where appropriate, 
extruders, corotating u necessary in the extrusion 

5 e^ipped with ..ead.n, %™raUy e,^ipp.d with 

thosHf the ZKS series fro. Werner > Pfle.dersr. 

. ./-^nrdina to the invention can also be used to 
" "%'reTltilay2 cyclodextrin-=on^ dosage for«s by 

produce multilayer cy plurality of mixtures o£ the 

coextnasion, rn *rch case « ^ ^^^^^ins 

components described ^-e >t 1^^^^^^^^^ ^ ^^^^^^^^ ^„ ,,,, 
cy=lodeKtrrn(s), are ted g „i^uayer dosage form 

" 'rfsultr Different binders are preferably used for different 



layers. 



closed multilayer tablets. 

.he Shaping ta.es place by coextrusion ^^^ ^fji^^^ZT 
the i"^^'^<'"V"reTap: cflh c "rrio'n dies depends on the 

" °°'":!~r£rr^. suitable examples of dies are slit dies and 
required dosage form ^.^ ^^^^^^^ ^^^^^ 

7^r^ Z:::.l J.^^^ and the required dosage form. 

,0 It must -J:--- "trmStureriu rromprn-s in 
plastic "^^^ preferably from 40 to 170oc. The glass 

the range from 30 to 200 , P therefore be below 

5^::;";re\ rXtl»1so'" Xf necessary, it is reduced by 

excipients. The amoun J .^.^ drug forms are 

rabie":r"o°ragerd show no cold flow. However, the mixture 
preferably contains no plasticizer. 

40 

"Tnir "refabrin riSLTo^^^^^ such as, for example, 
rc airnols ethylene glycol, propylene glycol, glycerol. 
c,-C30-alKanois. ' . , glycol, butanediols. pentanols 
trimethylolpropane trieth^^^^^^^^ 

" rr^lrabfy Ti^a »ol-ular weight of from 200 to 1000 such as, 
for ex-Pl- polyethylene glycols, polypropylene glycols and 
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15 b) 



oolvethylene/propylene glycols, silicones, aromatic carboxylic 
polyethylene/ ppy phthalates, trimellitxc esters, 

rTic fsLrs SrephthaUc esters) or aliphatic dicarboxylic 
"(for eLple dialXyl adipates, sebacic esters, azela.c 

of the total weight of the plastic mixatre. 

" l„ preferred e-O-odin^nts of the present invention, the plastic 
miiiture is prepared by employing 

0 5 to 30% by weight of at least one active ingredient, 
n1 to 70% by weight of at least one cyclodextrin, 
0.5 to 70% oy we g polymeric binder and 

ci 10 to 98% by weight of at least one V i 
d) 0 to 50% by weight of conventional excrpients. 

The process according to the invention can -<"»"9-''=^,^/" 
„ TrrLd out Wholly or partly ^^^^^^''^TZl Z for 
example in '^l^J^J^^'^J^'^T^, shaping machines, such 
^T.i:;drrs' nip d'S a^d Choppers. It is possible either for 
as calenders, "'■P introduced into the process in 

n^iHo" wherl appropriate with the addition of suitable 
" erian^dfor a„Sir!l excipients, and/or for 'be Pr°cess 

rndrtirn^. espedany --"rinrenriora^rortard. The 
^'^"irg°:rri"re°fr ranTheraranta,eously be further 
30 -^rs^ruLise unL 3terUe condition, for example to 

also be °^ by calendering is carried out by 

-r =i™r 



reference. 



It is specifically possible for solid solutions to be formed in 
accorL^g - -e1;SrwoS:r"r r.:; le from 
" rrife^Itr ^^t Ht'^hf :u:i« in soUd'solutions Of 

:y:iid:xtrrn/:ctive mgredient complexes or active ingredients 
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and/or cyclodextrins in polymers, the cyclodextrin/active 
ingredient complex or active ingredient and/or cyclodextrxn is m 
the form of a molecular dispersion in the polymer. 

5 A further advantage of the present invention is that this process 
can be used to produce solid dosage forms in which the active 
ingredient(s) and the cyclodextrin(s) interact, for example m 
the form of cyclodextrin/active ingredient complex formation. 
Preferred cyclodextrin/active ingredient complexes are so-called 

10 inclusion or host-guest complexes. Such complexes can be formed 
by inclusion of active ingredients in cavities of cyclodextrin 
aggregates, for example by what is called molecular encapsulation 
or by stoichiometric or approximately stoichiometric interaction 
of one or more active ingredient molecules with one or more 

15 cyclodextrin molecules. 

The dosage forms according to the invention show better release 
properties, incrased stability of the active ingredients and 
excipients present, and/or improved organoleptic properties, for 
20 example appearance, odor and/or taste. 

The process according to the invention can advantageously be 
carried out at temperatures below 200oc and preferably below 
170OC but above room temperature (25oC), preferably above 40oc. 

25 The process is carried out in particular in a temp--^^^; "^^^ 
which extends upward or downward by 40oc, preferably 30oc and 
oarticularly preferably 20oc, from the softening point of the 
™ Of components and, respectively, the melting point of the 
nvain component (s) plasticized first. It is particularly 

30 advantageous that cyclodextrin/active ingredient complexes and 
cyclodextrin/active ingredient complex-containing solid dosage 
forms can be produced with the process according to the invention 
at the abovementioned temperatures. 

35 The dosage forms which can be produced by the process according 
to the invention may contain from 0 to 100%, preferably 0.1 to 
99.5% and, in particular, 5 to 99% of the active ingredient(s) as 
cy;iodext;in/active ingredient complex. In a preferred embodiment 
of the process according to the invention, at least 10%, in 

40 particular at least 30%, of the active i"^"'^^^"^ ^"^P^^^^"^^ 
present in the form of a cyclodextrin/active ingredient complex, 
in another preferred embodiment of the process according to the 
invention, the active ingredient is essentially completely 
present in the form of a cyclodextrin/active ingredient complex. 
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The plastic mixture according to the invention xs suxtable, where 
Ippropriate after cooling or solidifying, for all conventional 
processed for producing solid dosage forms, such as granulatxon, 
grinding! compression, casting, injection molding, tabletxng 
5 under pressure, tableting under pressure with heat and, xn 
particular, for extrusion and melt extrusxon. 

The process according to the invention can be used to shape a 
large number of solid dosage forms. Thus, for example, Powde" or 

,0 ranulL can be produced by grinding ^^^^^^^^^^^^ ^h , 

\ «v if^ast partly solidified plastxc mxxture, and can be exther 
^pfoy d dLrtly'for therapy or, where aPP-priate with addxtxon 
of conventional excipients, further processed to pellets 
tablets, suppositories, implants and parenteral products. 

The process according to the invention is preferably used to 
Tape dosage forms before solidification of the plastxc mxxture, 
and these result, where appropriate after coatxng xn any 
Conventional way, in a form which can be employed xn therapy. 

The shaping to the dosage form before solidification can take 
Xcl in a variety of ways, depending on the vxscosxty of the 
Plastic mixture, for example by casting, injection moldxng, 
plastxc mxxt ' calendering. This is done by conveyxng 

2S iTZtiorlZTZori^e. above to one or more shaping steps 
in th process according to the invention. The conveying can taKe 
pLce by pressing, pumping, for example with gear pumps, or, 
preferably, with an extruder. 

30 It is particularly preferred for the plastic mixture to be formed 
in one or more, preferably one, extruder and conveyed by the 
latter or a downstream extruder to the shaping steps. -^^y 
ca^elit has proven advantageous to extrude on a downward xnclxne 
and/or where appropriate provide a guide channel for transportxng 

« ^he extrudate, in order to ensure safe transport and prevent 
fupture Of th; extrudate. It may also be advantageous, dependxng 
r^he number and compatibility of the active xngredxents and/or 
cyclodextrin/active ingredient complexes to be employed, to 
employ multilayer extrudates, for example coextrudates as 

40 described in WO 96/19963, in the process accordxng to the 



invention. 



Th. first shaping step advantageously takes place »hen the 
eKtrudS :Xes fri the extruder through suitably shaped dies, 
« d aw pfates or'other orifices, for example through a breaker 
olate a circular die or a slit die. This usually results in a 
ci„ti;uous extrudate, preferably »ith a constant cross section. 
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in the form of . ribbon or of a strand, preferably 

"ar " « - 

suable ao-nstrea» s.ap„ for e,«uaate=^ are. .r 

5 example oo d out f^J^^^^^^-^f ,„udi£loation, hot out, that is 
extrudate after at least p^i -vtrudate while still in 

to say the outting or 0»0PP-9 of the -t^date » ^^^^^^ 

'^^^";'t"^:■irpo^ir, - " :r=oi^ out to obtam. for 

a nip device. " " granulation) or pellets. Hot 

10 ««^J^:j;"„;;:tly leads to dosage forms .tablets or pellets, 
granulation f'^JJ^' o 1 to 10 m, while oold granulation 
.1th a ''-^^"^f''^"^^"^! products .ith a length to diameter 

ratio of from i w „^„^iovpr but also, on use of 

15 possible in this way to »f "^^'^^^ ^^r^;. for example 

ccxtrusion, open or f "^^^ """^^^fiii'" ^ pellets. The dosage 

forms can be Pr°""'ed » materials for film coatings are 

downstream ^"'^''{^^■J '^^i^ binders, in particular 
20 the polymers -entioned " polym ^nulose esters such 

^af SSx:::p;ro UulS: r.rtes':^an; oenmose ethers such 

S iS-Le, -.Vdroxypropylmethyl^^^^^^^^^^^ 
hydroxypropylcellulose and geu . .u^^^^^^^^ 

" rai:S"7- or":;ircut usL, roundlng-off devices as 
described in DE-A-196 29 753. 

• 1 ^iv nref erred for all the shaping steps to be 
is Partxcularly P-^-"^^^^ ^.^,,,3 3till plastic 
30 carried out on the still P iate with subsequent 

extrudate Besides^h^ u^^^ producing the 

rounding off, a particui y plastic mixture is shaped 

solid dosage forms is 0;-^^;^^^^^^^^^^ ,,^3 is done by 
to the dosage form in a moiaing plastic extrudate to 

35 conveying a still P^-^^J^^;/^^^^^^^^ usually 
a suitable molding "^^^^^^-.f/^^^ .^.^ shaping, with at least 
have molding rolls and/or belts ^^^ f^ ' J J' ^^e belts having 
one of the molding ^.^'^l^^l^^;:^^^^^^^ Lture. It is 
'^T'Ti::::7ZZ wL counterrotating m^ding 

40 P-f "^^^^°;^^teLt one of the molding rolls having on its 
rolls, with at ^^^f °" ^.^3 shape the plastic mixture. 

SrieTiri^al^^^^^^^^^^^ and devices containing molding rolls 
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• • « h^its are qenerally disclosed for example in 

5 ..trudate P«f "^^y,;''^i^„ i,„oc a„a very particularly 
particularly P"^"^"? ,^^pie, in the temperature 

preferably below 150^-;"c^ ^f^;^^,^ „ ,t l»»er 

„„,es necessary o £ ™ t^e p^^^^ „tures, 
temperatures. If the s p g ^ ^^^^ p„£erably 10 to 

10 it advantageously takes P" . y,^ highest 

50OC and Pa"i-1,-'^J7/^^^^ the plastic mixture, but 



mixture . 



" • *„.-n,»r relates to a solid dosage form 

The present invention further / tricarboxylic 

„hich is essentially as and »hicb is 

,cids and aromatic '^-^''-^^^l'^,,. The dosage form may 
obtainable by a proc-s as descri ^^^^ 

" cX— ^^i-i-^^^^^^^ form 
rSir:; rhe^L=Toresse„tially free of acids. 

« " ^-iToieTre::nrrtrf:rora\::i::riractive 

Sr:r: ro^Iem dosage forms according to the 
invention . 

.mr^if^c, are intended to illustrate the invention 
30 The following examples are in^exiu 

without restricting it. 
Examples 

• .ook Dlace in each case with a Werner & Pf leiderer 
" rKrJo^::in"^^^ with five sections under the 
conditions stated in the particular example. 

comparative Example 1 

*° . nolvethvlene glycol PEG 6000 were extruded with 25 g of 

nsL:2r"nd:red to 1000 mg oblong tablets. Extrusxon 
took place under the following conditions: 



45 Section 1 20°C 
section 2 40°C 
Section 3 50°C 
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Section 4 60oc 
Section 5 50°C 
Die 42°C 



5 Release of the active ingredient from the tablets was 
Tnie tigated by the USP paddle method (0.1 M 

pH 1.0; 150 rpm). It was 8% after 10 minutes and still below 10% 
after 20 and 30 minutes. 

10 comparative Example 2 

Release of the active ingredient from the tablets of a dosage 
form obtained in Comparative Example 1 was determined under 
analogous conditions (USP; 0.1 M hydrochloric acid; pH 1.0, 
15 ^50 rpm), but 150 mg of p-cyclodextrin W7M1.8 (from Wacker 
methXted p-cyclodextrin with a degree of methylation of 18) 
were previously added to the test medium. The release was 8% 
"tL To minutes, 24% after 20 minutes and 29% after 30 minutes. 

20 Example 1 

400 g of polyethylene glycol PEG 6000 were extruded with 25 g of 
p!estradiol and 75 g of p-cyclodextrin W7M1.8 (from Wacker) and 
calendered to 1000 mg oblong tablets. 

" Extrusion took place under the following conditions: 



section 1 20°C 

section 2 40°C 

30 Section 3 50°C 

Section 4 60°C 

Section 5 50°C 

Die 420C 

35 Release of the active ingredient from the tablets was 

" Tnie^rigated by the USP paddle method M hydroch or^^ 

PH 1.0; 150 rpm). It was 48% after 10 minutes, 77% after 20 

minutes and 80% after 30 minutes. 

40 Comparative Example 3 

400 g of polyethylene glycol PEG 6000 were extruded with 100 g of 
ibuprofen and calendered to 1000 mg oblong tablets. 

45 Extrusion took place under the following conditions: 
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Section 1 20oc 
Section 2 40°C 
section 3 50°C 
Section 4 60oc 
5 Section 5 SO^C 
Die 42°C 

Release of the active ingredient from the tablets was 
investigated by the USP paddle method (0.1 M hydrochloric acid; 
10 pH 1.0; 150 rpm). It was 6% after 20 minutes, 5% after 60 minutes 
and 7% after 120 minutes. 

Comparative Example 4 

15 Release of the active ingredient from the tablets of a dosage 
form obtained in Comparative Example 3 was determined under 

' analogous conditions (USP; 0.1 M hydrochloric acid; pH 1.0; 
150 rpm), but 150 mg of p-cyclodextrin W7M1.8 were previously 
added to the test medium. The release was 8% after 10 minutes, 

20 24% after 20 minutes and 29% after 30 minutes. 

Release of the active ingredient from the tablets was 
investigated by the USP paddle method (0.1 M hydrochloric acxd; 
pH 1.0; 150 rpm). It was 6% after 20 minutes, 9% after 60 mxnutes 
25 and 15% after 120 minutes. 

Example 2 

250 g of polyethylene glycol PEG 6000 were extruded with 100 g of 
30 ibuprofen and 150 g of p-cyclodextrin W7M1.8 and calendered to 
1000 mg oblong tablets. 

Extrusion took place under the following conditions: 

35 Section 1 20°C 

Section 2 40°C 

Section 3 50°C 

section 4 60oC 

Section 5 50°C 

40 Die 42°C 

Release of the active ingredient from the tablets was 
investigated by the USP paddle method (0.1 M hydrochloric acid; 
pH 1.0; 150 rpm). It was 18% after 20 minutes, 24% after 60 
45 minutes and 26% after 120 minutes. 



